Abstract
Introduction

46
The inference of phylogenetic relationships has benefited profoundly from the availability of 47 nuclear DNA (nDNA) sequences for an increasing number of organism groups. The 48 development of new phylogenetic markers has provided unprecedented insight into the 49 evolutionary relationships of non-model organisms in particular (Ellegren 2014) . Large sets of 50 nDNA markers (single copy genes) have recently been designed for taxonomic groups for 51 which genomic resources were available, e.g. cichlid fish (Meyer et al. 2015) , ray-finned fish 52 (Near et al. 2012) , reptiles (Ruane et al. 2014) , birds (Kerr et al. 2014 ) and flowering plants 53 (Zeng et al. 2014 ). However, for many taxonomic groups there are only a handful of nDNA be applied on large and small sets of taxa, including both closely and distantly related species.
86
Ideally, orthologous sequences in combination with a whole-genome reference sequence are 87 used. Thus, exon/intron boundaries can be inferred using the reference for each marker. Under we demonstrate the utility of DISCOMARK for (1) closely related species (i.e. Cloeon dipterum 94 s.l. species complex) using whole-genome data, and (2) distantly related species (i.e. insect 95 order Ephemeroptera) using whole-genome data derived from genome sequencing projects. In 96 order to generate genomic reference sequences we used draft whole genome sequencing at 97 shallow coverage followed by draft genome assembly. In one scenario (C. dipterum s.l.
98
species complex) we demonstrate that incomplete genomic data can be used for ortholog 99 prediction and primer design as well.
100
Materials and Methods
101
DISCOMARK implementation
102
The program DISCOMARK is written in Python and was developed to design primer pairs in PRIFI can be specified in the DISCOMARK configuration file ('discomark.conf'). 
205
Common input ortholog sequences are visualized (Fig. 2b) . In order to provide a measure of input/reference/Cloeon.fa -a input/co2go.ixosc.csv -d output/cloeon_baetis'), using the 225 predicted orthologs from HAMSTR and the whole-genome Cloeon-data as reference (step 4).
226
For comparison, we also ran DISCOMARK without a reference and also present these results.
227
The Pearson correlation between the number of SNPs located between primer pairs and 228 corresponding estimated product length was calculated using the function cor within the stats 
274
Results
275
Closely related species -species complex of Cloeon dipterum s.l.
276
Using a reference, DISCOMARK identified 78 nDNA markers with 445 primer pairs for 
287
The haplotype networks based on the eight selected markers showed a clear structure for 288 all markers, including two markers with shared haplotypes for the two species from the U.S.
289
and Madeira (Fig. 3 and Fig. S1 , Supporting information). The length of the concatenated 290 sequence alignment of the eight markers was 3,530 bp (2,526 bp exon sequence, Table S1 , 
296
The species C. dipterum sp1 was found as outgroup to a clade containing the species C. 
303
Distantly related species -insect order Ephemeroptera
304
In total, we found 23 orthologs with a total of 53 primer pairs for all four species (Table S2, 
305
Supporting information) for the first run with a reference. The input files per species (i.e. 
345
With DISCOMARK, the availability of more genome data will increase the number of markers Species overlap for identified markers Table 2 : Grouping candidate markers (e.g. orthologous group of sequences) and primer pairs by the number of species that they cover. 
Discovered markers by species
